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INTRODUCTION

Mycobacterium tuberculosis disease is the leading cause of illness and death in patients with
HIV infection 1 . M. tuberculosis-specific Th1 cells are depleted during HIV infection 2,3 but are partly restored by antiretroviral therapy (ART) 4, 5 . In some HIV patients, the restored immune response to M. tuberculosis may cause immunopathology known as immune restoration disease (IRD) 6 . Paradoxical worsening of treated tuberculosis (TB) after ART is a form of IRD known as tuberculosis-associated immune reconstitution inflammatory syndrome (TB-IRIS) 7 . Tuberculosis presenting during the first three months of ART might also be a form of IRD. Many cases present as 'unmasking TB-IRIS' whereby previously subclinical TB is 'unmasked' after starting ART. However, newly acquired TB may also present after ART initiation, so cases of TB which present after ART are referred to as antiretroviral therapy-associated tuberculosis (ART-TB) 7 . ART-TB has been associated with increased interferon-gamma (IFN- responses to mycobacterial antigens compared to HIV patients with no history of TB 8 .
Data from large prospective studies indicate that mortality associated with TB-IRIS is low but morbidity is substantial in HIV/TB patients who have pre-ART CD4 + T cell counts <50 cells/l and initiate ART within four weeks of starting TB treatment 9, 10 . Morbidity and mortality from ART-TB are also significant, as HIV patients who present with TB during the first three months of ART are 3.25 times more likely to die than HIV patients presenting with TB at other times 11 .
Prediction and diagnosis of TB-IRIS and ART-TB might be improved by a better understanding of their immunopathogenesis. TB-IRIS has been associated with increased pro-inflammatory and Th1 cytokine responses to mycobacterial antigens 8,12-14 , but these are also observed in co-infected patients who do not develop TB-IRIS after commencing ART 8, 15, 16 , so other immune responses may also contribute to the immunopathology 17, 18 . ART-TB has also been associated with a prominent Th1 response to mycobacterial antigens, particularly those encoded by the region of difference 1 (RD1) domain of the M. tuberculosis
We have used a whole blood IFN- release assay to examine IFN-γ responses to mycobacterial antigens [purified protein derivative (PPD) and RD1 antigens] in a cohort of Cambodian HIV patients with or without treated TB 8 . To identify novel biomarkers of TB-IRIS and ART-TB, we examined antigen-induced production of CXCL9 (monokine induced by gamma-interferon, MIG) and CXCL10 (interferon-γ-inducible protein-10, IP-10) in plasma from these assays. These chemokines are induced by IFN-γ and are important in several inflammatory conditions [19] [20] [21] [22] [23] [24] [25] .
METHODS
Cases and controls.
Patients were recruited from the National Centre for HIV/AIDS, Dermatology and Sexually
Transmitted Diseases Social Health Clinic in Phnom Penh, Cambodia, and were a subgroup of those reported previously 8 . Seventy five patients were being treated for active TB upon Software v1.0.1 (BD Biosciences). All samples were diluted at least 1/5 and the lowest limit of detection was 5pg/ml. To analyse the effect of PPD and RD1 antigens on CXCL10 and CXCL9 production, levels of CXCL10 and CXCL9 in unstimulated tubes were subtracted from levels measured in PPD-and RD1-stimulated tubes.
Statistical analysis.
Demographic characteristics of TB-IRIS and ART-TB cases and controls were assessed using the Mann-Whitney U test and Fisher's exact test. Data was assessed for normality using the Shapiro-Wilk W test. As the data were not normally distributed, median levels of CXCL9 and CXCL10 were compared between TB-IRIS or ART-TB cases and matched controls pre-ART and after 4, 12 and 24 weeks of ART using the Mann-Whitney U test. Receiver operating characteristic (ROC) curves were used to determine if levels of CXCL10 and CXCL9 pre-ART and at the time of TB-IRIS or ART-TB (or an equivalent time post-ART for controls) alone or in combination may aid in prediction or diagnosis of TB-IRIS or ART-TB.
Comparisons were also made with data for IFN- Correlations were performed using the Spearman rank test. Analyses were performed using STATA version 11 (Chicago, IL, USA) and Prism v5.02 (San Diego, CA, USA). Statistical significance was defined as P<0.05.
RESULTS
Demographic characteristics.
Demographic characteristics of the TB-IRIS and ART-TB cases and controls are summarized in Table 1 and are similar to those of the entire cohort Table 2 ). In contrast, CXCL9 and CXCL10
responses to PPD and RD1 antigens were poorly predictive of TB-IRIS (Table 2) . However, the diagnostic ability of CXCL10 was not better than IFN-γ alone or when combined with CXCL9 and IFN-γ (Table 3) . 
